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1

POWER SEMICONDUCTOR ASSEMBLY AND
MODULE

TECHNICAL FIELD

The present invention relates generally to semiconductor
devices. In particular, embodiments the present invention
relates to a method and apparatus for assembling a power
semiconductor device using a spacer.

BACKGROUND

Inthe assembly of semiconductor chip packages, 1t 1s desir-
able to produce the semiconductor chip packages 1n a way
that meets mndividual needs of consumers. Industrial consum-
ers have a desire to efliciently attach semiconductor packages
to boards like printed circuit boards (PCB).

In a semiconductor chip package, the semiconductor chip
1s embedded or housed within the chip package and the con-
tact pads of the semiconductor chip are connected to external
contact elements of the chip package. It 1s desirable to pro-
duce semiconductor chip packages so that their external con-
tact elements allow a higher degree of flexibility with regard
to the attachment of the semiconductor chip package to a
board. It1s also desirable to increase the modular applicability
of the semiconductor chip package and, 1n particular, the
possibility to connect further devices to the semiconductor
chip package.

Semiconductor chip packages may be used in a variety of
applications. These applications may include power applica-
tions implemented by chip-based power semiconductor ele-
ments such as power transistors, power diodes, and other
clements. Such applications may be employed 1n diverse
equipment such as power supplies for personal computer
components, electronic lighting equipment, battery-based
equipment, and many other types of equipment. With the use
ol these power elements, 1t may be desirable to connect the
semiconductor chip packages to a thermally conductive
device such as a heat sink. It the heat sink does not dissipate
heat 1n a desired manner, components connected to the semi-
conductor chip packages or the semiconductor chip itself may
be damaged.

Further, some currently used methods of assembling semi-
conductor chip packages, such as power modules that reduce
heat dissipation, are expensive and may increase the com-
plexity of the fabrication process. Consequently, there 1s a
general need for cost-efficient solutions 1n assembling power
semiconductor packages such that both the temperature and
the temperature gradient of the fabricated package are mini-
mized.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the present inven-
tion, a device comprises a printed circuit board, a heat sink,
and a semiconductor chip package. The semiconductor chip
package 1s located between the printed circuit board and the
heat sink. A heat-generating surface of the semiconductor
chip package 1s oriented such that the heat-generating surface
faces the heat sink.

In accordance with another embodiment of the present
invention, a device comprises a printed circuit board, an
enclosure, a semiconductor chip package, and a bumper pad.
The semiconductor chip package 1s located between the
printed circuit board and the enclosure. The bumper pad 1s
located between the printed circuit board and the semicon-
ductor chip package. The bumper pad 1s configured to pres-
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sure mount the semiconductor chip package between the
enclosure and the printed circuit board.

In accordance with yet another embodiment of the present
invention, a power semiconductor assembly comprises a
semiconductor chip package, a plurality of pins, and a bumper
pad. The semiconductor chip package has a power semicon-
ductor chip and includes external contact leads. The bumper
pad 1s located over a top surface of the semiconductor chip
package. The bumper pad 1s formed from a flexible, heat
resistant materal.

In accordance with still another embodiment of the present
invention, a method for assembling a power semiconductor 1s
presented. An assembly that includes a semiconductor chip
package with a plurality ol pins and a bumper pad 1s provided.
The semiconductor chip package 1s oriented such that the heat
producing surface of the semiconductor chip package faces
away Irom the bumper pad. A pin 1n the plurality of pins 1s
bent. The bumper pad i1s placed over a surface of a printed
circuit board. The pin 1s soldered to the printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference 1s now made to the
following descriptions taken 1n conjunction with the accom-
panying drawing, in which:

FIG. 1A 1s an 1illustration of an embodiment of a device
with a semiconductor chip package connected to a heat sink;

FIG. 1B 1s an 1llustration of an end view of an embodiment
of a device with a semiconductor chip package connected to
a heat sink;

FIG. 1C 1s an illustration of a bottom view of an embodi-

ment of a device with a semiconductor chip package con-
nected to a heat sink;

FIG. 2A 1s an 1illustration of an embodiment of a device
with a semiconductor chip package connected to an enclosure
with a spacer;

FIG. 2B 1s an 1llustration of an end view of an embodiment
ol a device with a semiconductor chip package connected to
an enclosure with a spacer;

FIG. 2C 1s an illustration of a bottom view of an embodi-
ment of a device with a semiconductor chip package con-
nected to an enclosure with a spacer;

FIG. 3 1s an 1illustration of an embodiment of a power
semiconductor assembly with a spacer;

FIGS. 4 A-4E are illustrations of a method for assembling a
power semiconductor with a spacer;

FIG. 5 1s an illustration of an end view of an embodiment of
a semiconductor chip package connected to a heat sink with a
spacer;

FIG. 6 1s an 1llustration of an embodiment of a power
semiconductor assembly with a bent pin;

FIG. 7 1s an illustration of an embodiment of a power
semiconductor assembly with another configuration for a
bent pin;

FIG. 8 1s an 1illustration of an embodiment of a power
semiconductor assembly with yet another configuration for a
bent pin;

FIG. 9 1s an illustration of an embodiment of a power
semiconductor assembly with still another configuration for a
bent pin;

FIG. 10 1s an illustration of an embodiment of a power
semiconductor assembly with yet another configuration for a
bent pin;

FIG. 11 1s an illustration of an embodiment of two power
semiconductor assemblies connected to an enclosure:
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FIG. 12 1s an illustration of an embodiment of two power
semiconductor assemblies connected to an enclosure with a
shared spacer;

FIG. 13 A 1s an 1llustration of an embodiment of a device
with a semiconductor chip package connected to a heat sink
with a spacer;

FIG. 13B 1s an illustration of an embodiment of an end
view ol a semiconductor chip package connected to a heat
sink with a spacer;

FIG. 14 1s an illustration of an embodiment of a power
semiconductor chip package;

FIG. 15 1s an 1illustration of an embodiment of another
power semiconductor chip package; and

FIG. 16 1s an 1llustration of an embodiment of yet another
power semiconductor chip package.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(Ll

The making and using of various embodiments are dis-
cussed 1n detail below. It should be appreciated, however, that
the present mvention provides many applicable mventive
concepts that can be embodied 1n a wide variety of specific
contexts. The specific embodiments discussed are merely
illustrative of specific ways to make and use the invention and
do not limit the scope of the invention.

In various embodiments, the present invention teaches
assembling a semiconductor chip package such that the heat-
generating side of the semiconductor chip package 1s oriented
in the direction of a heat sink. Various embodiments use a
novel spacing structure to pressure mount the semiconductor
chip package to the heat sink thereby obviating the need for
screws or other fasteners to connect the semiconductor chip
package to the heat sink. In addition, the various embodi-
ments provide the ability to solder the semiconductor chip
package to a printed circuit board at the same time as other
surface mounted parts. As a result, the various embodiments
provide a device that increases the life of the printed circuit
board as well as decreases the cost and time of manufacture
for such devices.

Turning firstto FIG. 1, adevice 10 includes a printed circuit
board 12, a heat sink 14, and a semiconductor chip package
16. The printed circuit board 12 1s secured to the heat sink 14
with fasteners 18 1n this example. The fasteners 18 may be
screws or other suitable types of fasteners. In this depicted
example, the heat sink 14 may be a radiator, an enclosure, or
some other suitable component for dissipating heat generated
by the semiconductor chip package 16.

As 1llustrated, the semiconductor chip package 16 1s
located between the printed circuit board 12 and the heat sink
14. In this case, the semiconductor chip package 16 includes
a semiconductor chip, or die, and the appropriate packaging
for that chup. These chips are typically packaged within a
ceramic or a plastic body to protect from physical damage and
corrosion. The packaging also supports the electrical contacts
required to connect to the device. Many different types of
packaging are available depending on the type and the
intended use of the chip being packaged. More than one chip
can be included 1n a semiconductor chip package.

The semiconductor chip package 16 may be any semicon-
ductor chip package that provides desired characteristics for
use 1n the device 10. For example, the semiconductor chip
package 16 may be a power semiconductor package such as a
field-etlect transistor (FET), an mnsulated-gate bipolar tran-
sistor (IGBT), a diode, or some other suitable type of power
semiconductor.
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In these examples, the semiconductor chip package 16 1s
not made to be soldered directly on the printed circuit board
12. Rather, space between the semiconductor chip package 16
and the printed circuit board 12 1s desired. In some examples,
however, this space may be absent and the semiconductor
chip package 16 may be fabricated more closely to the printed
circuit board 12 than 1s shown 1n this figure.

The semiconductor chip package 16 may include leads on
pins 17. The pins 17 are bent in these illustrative examples
such that a portion of the pins 17 1s connected to the semi-
conductor chip package 16 and another portion of the pins 17
1s connected to the printed circuit board 12. The portion of the
pins 17 connected to the printed circuit board 12 1s soldered to
the printed circuit board 12 in this example. More specifically,
the pins 17 are soldered to the printed circuit board 12 using
surface mount techniques. In this manner, the pins 17 may be
soldered to the printed circuit board 12 at the same time as
other surface mounted parts.

The semiconductor chip package 16 has a top surface 20
and a bottom surface 22. The top surface 20 1s a non-metal
surface and the bottom surface 22 could be either a metal or a
non-metal surface in these examples. As a result, the bottom
surface 22 1s a heat-generating surface and the top surface 20
1s not a heat-generating surface.

As depicted, the semiconductor chip package 16 may be
mounted to the heat sink 14 using at least one of a fastener, an
adhesive, a soldered part, or some other suitable type of
material (not shown) that secures the semiconductor chip
package 16 to the heat sink 14. The semiconductor chip
package 16 1s secured to the heat sink 14 such that the top
surface 20 faces in the direction of the printed circuit board
12. Thus, when the semiconductor chip package 16 1s ori-
ented such that the bottom surface 22 faces 1n the direction of
the heat sink 14, much of the heat generated by the semicon-
ductor chip package 16 tlows 1n the direction of the heat sink
14 1nstead of the printed circuit board 12.

Additionally, space 24 may be present between the printed
circuit board 12 and the semiconductor chip package 16. The
space 24 may further limit the amount of heat generated by
the semiconductor chip package 16 reaching the printed cir-
cuit board 12. In this manner, the likelihood of damage to the
printed circuit board 12 may be reduced. As a result, the life
of the printed circuit board 12 may be extended with the use
of the device 10 as shown 1n this figure.

FIG. 1B provides an 1llustration of an end view of the
device 10 with the semiconductor chip package 16 connected
to the heat sink 14. In this view, the pins 17 may be seen more
clearly. Although three pins are shown, any plurality of pins
may be used, depending on the particular implementation.

FIG. 1C illustrates a bottom view of the device 10. In this
illustration, the bottom surface 22 1s shown more clearly. The
fasteners 18 are also shown connecting the printed circuit
board 12 to the heat sink 14 at four points along the heat sink
14.

An opening 26 1n the semiconductor chip package 16 1s
also visible 1n this view. The opening 26 1s an opening 1n the
semiconductor chip package 16 extending from the bottom
surface 22 mward through the semiconductor chip package
16. The opening 26 1s normally used to fasten the power
semiconductor to the heat sink/enclosure. In other cases, the
opening 26 may be used to secure the semiconductor chip
package 16 to other components in the device 10.

Turming next to FIG. 2A, the device 10 1s shown with a
spacer 28. Like reference numbers as shown in subsequent
figures illustrate components as previously described.

In this example, the spacer 28 may be a bumper pad 30 and
may be comprised of a substantially flexible material such




US 9,147,630 B2

S

that the bumper pad 30 takes up the space 24 between the
printed circuit board 12 and the semiconductor chip package
16. In other illustrative examples, the spacer 28 may be
another structure other than the bumper pad 30.

In particular, bumper pad 30 pressure mounts the semicon-
ductor chip package 16 to an enclosure 15 such that a fastener,
adhesive, or other component i1s not needed to secure the
semiconductor chip package 16 to the enclosure 15. The
enclosure 15 1s one example of the heat sink 14 shown 1n
FIGS. 1A-1C.

In other examples, the semiconductor chip package 16 also
may be pressure mounted to the enclosure 15 using the
bumper pad 30, but may also be secured to the enclosure 15
using another component. For mstance, the bumper pad 30
may be connected to at least one of the enclosure 15, the
printed circuit board 12, and the semiconductor chip package
16 by a soldered part. The bumper pad 30 also may be con-
nected to these components using a fastener or an adhesive. In
other words, while an additional fastening device 1s not nec-
essary with the use of an illustrative embodiment, one may be
implemented 11 desired.

In this example, the bumper pad 30 may be made up of a
number of different types of materials. For example, the
bumper pad 30 may be comprised of silicone. Other example
materials may include cardboard, cloth, metal springs or oth-
ers.

Materials selected for the bumper pad 30 may be selected
such that desired characteristics are achieved. As an example,
the material for the bumper pad 30 may be selected to with-
stand a certain temperature during soldering. For instance, the
material for the bumper pad 30 may be selected to withstand
temperatures 1n excess of 300 degrees Celsius. Of course,
materials may be selected such that the bumper pad 30 with-
stands higher and lower temperatures, depending on the par-
ticular implementation. Additionally, bumper pad 30 should
be comprised of a thermally non-conductive material such
that the bumper pad 30 does not heat the printed circuit board
12.

In some cases, 1t may be desirable to use a particular
material during each phase of manufacturing of the device 10.
For example, one maternal that withstands high temperatures
may be selected for the bumper pad 30 during the soldering
process, and then the bumper pad 30 may be replaced by
another bumper pad with different material properties.

Further, the material used for the bumper pad 30 may be
selected 1n order to provide a desired amount of pressure such
that the semiconductor chip package 16 does not slide along
the iner surface of the enclosure 15. This selected pressure
may vary based on the size of the semiconductor chip package
16, the properties of the surface of the enclosure 135, the
environment 1n which the device 10 1s 1nstalled, or for some
other reason.

As depicted, the bumper pad 30 has a thickness 32 after
compression. Before compression, the thickness 32 1s greater
than shown 1n this figure. The thickness 32 may be selected
based on a number of different characteristics. For example,
the thickness 32 may be selected based on the amount of
pressure needed to secure the semiconductor chip package 16
to the enclosure 15.

In addition, the thickness 32 may be selected based on the
s1ze of the space 24 between the printed circuit board 12 and
the semiconductor chip package 16. Thus, the thickness 32
may be selected to provide a desired distance between the
printed circuit board 12 and the semiconductor chip package
16. Consequently, the thickness 32 of the bumper pad 30 for
larger chips that generate more heat may be greater than the
thickness 32 for smaller chips that generate less heat. The use
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of the bumper pad 30 with the thickness 32 allows the device
10 to be manufactured to extend the life of the printed circuit
board 12 by dissipating heat in a desired manner.

The properties of the bumper pad 30 filling space 24
between the semiconductor chip package 16 and the printed
circuit board 12 further reduce the amount of heat reaching
the printed circuit board 12. Since the bumper pad 30 1s
thermally non-conductive, 1t essentially insulates the printed
circuit board 12 from heat generated by the semiconductor
chip package 16. In this manner, the likelihood of damage to
the printed circuit board 12 may be reduced. As a result, the
life of the printed circuit board 12 may be extended with the
use of an embodiment of the device 10 with the bumper pad
30. Moreover, the cost of manufacturing the device 10 may be
reduced because the semiconductor chip package 16 does not
need to be secured to the enclosure 15 using a fastener or other
component. Instead, only the bumper pad 30 1s needed to
pressure mount the semiconductor chip package 16 to the
enclosure 15.

FIG. 2B provides an end view of the device 10 with the
spacer 28 and FI1G. 2C 1llustrates a bottom view of the device
10 with the spacer 28. As depicted, a portion of the bumper
pad 30 1s seen through the opening 26. In some illustrative
examples, a portion of the bumper pad 30 1s associated with
the opening 26 such that the bumper pad 30 1s secured to the
semiconductor chip package 16. In other words, a portion of
the bumper pad 30 1s pushed into the opening 26. This con-
figuration of an 1llustrative embodiment may increase the
stability of the bumper pad 30 and the semiconductor chip
package 16 such that an additional adhesive or other compo-
nent 1s unnecessary.

In other examples, the bumper pad 30 may be visible
through the opening 26 1n this view without a portion of the
bumper pad 30 being inserted into the opening 26. The
amount ol the bumper pad 30 pressed into the opening 26 may
depend on the properties of the bumper pad 30, the amount of
pressure exerted on the semiconductor chip package 16, or
other factors. Since the semiconductor chip package 16 does
not need to be screwed directly to the printed circuit board 12,
the opening 26 1s not needed 1n many embodiments.

FIG. 3 illustrates a power semiconductor assembly 34 with
the spacer 28. The power semiconductor assembly 34 may be
implemented using a variety of semiconductor chip packages,
examples of which are described 1n FIGS. 14-16. In other
embodiments, chips other than power semiconductor chips
can be used.

In this view, a portion of the pins 17 have been bent such
that the top portion of the pins 17 1s flush with upper surface
37 of the spacer 28 in this example. When the power semi-
conductor assembly 34 i1s connected to another component,
this portion of the pins 17 may be soldered to the component.
For example, the pins 17 may be soldered to a printed circuit
board. The pins 17 are external contact leads in these
examples.

In other examples, the pins 17 may not be bent such that a
portion of the pins 17 1s flush with the upper surtface 37 of the
spacer 28. For example, 11 increased pressure 1s desired, the
spacer 28 may have a thickness greater than the height of the
pins 17. In this case, the spacer 28 1n the power semiconductor
assembly 34 may be larger than shown 1n this example.

As depicted, this thickness 32 1s the thickness before com-
pression. Thus, the thickness 32 shown 1n this figure 1s greater
than thickness 32 shown 1n FIGS. 2A-2B.

An 1solation foi1l 36 also could be present in the power
semiconductor assembly 34. The 1solation foil 36 1s a ther-
mally conductive foi1l 1n these examples. In some examples,
the semiconductor chip package could be fully 1solated, e.g.,
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sometimes referred to as a “tull pack.” These types of semi-
conductor chip packages might not use any additional 1sola-
tion foil, e.g., since the outer surface provides the 1solation.
Other semiconductor chip packages with metal plates could
require 1solation. Accordingly, 1n some examples, the 1sola-
tion foil 36 may be omitted. Examples of material for the
1solation foil 36 include any matenal that 1s thermally con-
ductive and preferably electrically insulative.

Further, a number of power semiconductor assemblies
other than the power semiconductor assembly 34 may share
the same 1solation foil. In this case, an 1solation fo1l may line
the inner surface of an enclosure. One or more power semi-
conductor assemblies are then placed on the 1solation foil and
secured to the 1solation fo1l with an adhesive or other suitable
component. In still other examples, the power semiconductor
assemblies may be attached to the i1solation foi1l and then
installed 1n the enclosure.

FIGS. 4A-4E schematically illustrate a method for assem-
bling a power semiconductor with a spacer. The process illus-
trated 1n FIGS. 4A-4E 1s not meant to limit the order of the
steps or the manner 1n which this method may be performed.

FIG. 4A shows the semiconductor chip package 16 during
the assembly process. A semiconductor chip package 38 1s
also present 1n this illustration. The semiconductor chip pack-
age 16 has been placed on the 1solation fo1l 36 and the semi-
conductor chip package 38 has been placed on an 1solation
to11 40. In other examples, the semiconductor chip package 16
and the semiconductor chip package 38 may share the same
1solation foil. In still other illustrative examples, an 1solation
fo1l may be absent during manufacturing of a power semicon-
ductor assembly. Additional semiconductor chip packages
also may be manufactured with the semiconductor chip pack-
age 16 and the semiconductor chip package 38. For example,
ten packages, 50 packages, 1000 packages, or some other
number of packages may be manufactured substantially con-
currently using the method described herein.

In this 1llustration, the semiconductor chip package 16 1s
shown with unbent pins 17 and the semiconductor chip pack-
age 38 has unbent pins 42. The pins 17 and the pins 42 may be
any number of pins, depending on the functionality of the
semiconductor chip package 16 and the semiconductor chip
package 38. Thus, the semiconductor chip package 16 and the
semiconductor chip package 38 may have the same or a
different number of pins in some 1llustrative examples.

In FIG. 4B, the bumper pad 30 has been placed on the
semiconductor chip package 16 and the bumper pad 44 has
been placed on the semiconductor chip package 38. The semi-
conductor chip package 16 with the pins 17 1s connected to
the bumper pad 30 such that the metal surface of the semi-
conductor chip package 16 faces opposite the bumper pad 30.
In the same way, the semiconductor chip package 38 with the
pins 42 1s connected to the bumper pad 44 such that the metal
surface of the semiconductor chip package 38 faces opposite
the bumper pad 44.

The bumper pad 30 and the bumper pad 44 may be placed
on the semiconductor chip package 16 and the semiconductor
chip package 38 1n a number of different ways. For example,
a gel material may be selected for the bumper pad 30 and the
bumper pad 44 such that the gel material 1s dispensed onto the
surface of the semiconductor chip package 16 and the semi-
conductor chip package 38. In this case, the bumper pad 30
and the bumper pad 44 may solidify on or around the semi-
conductor chip package 16 and the semiconductor chip pack-
age 38. The bumper pads may then be shaped as desired. In
other examples, the bumper pad 30 and bumper bad 44 may
already be solidified (e.g., solid blocks) and may be secured
on the semiconductor chip package 16 and the semiconductor
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chip package 38, respectively, using an adhesive. Although
the bumper pad 30 and the bumper pad 44 are shown 1n a
rectangular shape 1n these 1llustrative examples, the bumper
pad 30 and the bumper pad 44 may be any number of shapes
and sizes.

With reference next to FI1G. 4C, the pins 17 and the pins 42
have been bent. In this example, the pins 17 are bent such that
the top portion of the pins 17 1s flush with the upper surface 37
of the bumper pad 30. Similarly, the pins 42 are bent such that
the top portion of the pins 42 1s tlush with an upper surface 46
of the bumper pad 44.

In other examples, the pins 17 and the pins 42 may be bent
such that a portion of the pins 17 and the pins 42 1s above or
below the upper surface 37 and the upper surface 46, respec-
tively, such that electrical connection 1s possible. In either
case, the pins 17 and the pins 42 may be easily soldered to a
printed circuit board such as the printed circuit board 12 in

FIG. 2A.

In FIG. 4D, the semiconductor chip package 16 and the
semiconductor chip package 38 are separated from each other
through line 49. Thus, the semiconductor chip package 16,
the 1solation foil 36, the pins 17, and the bumper pad 30 form
the power semiconductor assembly 34. Likewise, the semi-
conductor chip package 38, the 1solation fo1l 40, the pins 42,
and the bumper pad 44 form apower semlconductor as sembly
48.

In alternative implementations of an illustrative embodi-
ment, the semiconductor chip package 16 and the semicon-
ductor chip package 38 may not be separated. Rather, a single
power semiconductor assembly including all of the compo-
nents shown 1 FIG. 4D may be placed into an enclosure and
secured to a printed circuit board. Moreover, more than two
chips may be included 1n the same power semiconductor
assembly.

The process 1llustrated 1n FIGS. 4A-4D provides a power
semiconductor assembly that may be used in a variety of
settings. Any number of components in this assembly may be
modified to provide desired characteristics for implementa-
tion 1n a device, such as device 10 1n FIG. 2A.

With reference to FIG. 4E, the power semiconductor
assembly 34 has been placed between the printed circuit
board 12 and the heat sink 14. In this example, the 1solation
fo1l 36 1s not shown. The 1solation foi1l 36 may not be neces-
sary. In this i1llustration, the bumper pad 30 is placed on the
printed circuit board 12. The pins 17 are then soldered to the
printed circuit board 12 at the same time as other components
using a surface mount technique. Thus, steps may be elimi-
nated from the manufacturing process and cost savings may
be realized.

Next, the power semiconductor assembly 34 with the
printed circuit board 12 1s secured to the heat sink 14 with the
tasteners 18. As described above, the bumper pad 30 pressure
mounts the semiconductor chip package 16 to the heat sink 14
such that an additional fastener 1s unnecessary. The device 10
may then be used 1n a variety of power applications.

FIG. 5 illustrates an end view of the device 10 with a
different configuration for the bumper pad 30. In this view, the
bumper pad 30 covers a portion of the semiconductor chip
package 16 on at least two sides in this example. In other
examples, the bumper pad 30 may encapsulate the semicon-
ductor chip package 16. The embodiment illustrated in this
view may increase the stability of the device. Moreover, the
properties of the bumper pad 30 may further limit potential
damage to the printed circuit board 12, ensuring that heat
generated by the semiconductor chip package 16 flows 1n the
direction of the heat sink 14.
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FIGS. 6-10 schematically illustrate different configura-
tions for bent pins for use 1n an 1illustrative embodiment. In
particular, FIGS. 6-8 show different configurations for the
bent pins 17 soldered to the printed circuit board 12 using
surface mounting techmques. In these figures, the pins 17
have been bent according to the process described 1n FIGS.
4C-4E. In contrast with the bent pins 17 1n FIGS. 4C-4FE, the
pins 17 1 FIGS. 6-8 are bent to face away from the bumper
pad 30. As a result, a different surface of the pins 17 1s
soldered to the printed circuit board 12 than 1s shown 1n
previous illustrations.

FIG. 9 and FIG. 10 show the bent pins 17 configured for
soldering to the printed circuit board 12 using a through hole
soldering techniques. In this process, the pins 17 are bent such
that a portion of the pins protrude through a hole in the printed
circuit board 12. The pins 17 are then soldered to the printed
circuit board 12.

As can be seen from FIGS. 6-10, a variety of different
configurations may be used for the pins 17, depending on the
particular implementation. Further, different types of solder-
ing techniques provide different manufacturing advantages
and/or cost savings, depending on the functionality involved.
FIGS. 6-10 show that a power semiconductor assembly as
manufactured using the method in FIGS. 4A-4E may be
secured to the printed circuit board 12 in many ways. How-
ever, the configuration of the pins 17 1s not intended to limait
the manner in which a power semiconductor assembly may be
implemented.

FIG. 11 illustrates the power semiconductor assembly 34
and the power semiconductor assembly 48 connected to the
heat sink 14. The power semiconductor assembly 34 and the
power semiconductor assembly 48 are electrically connected
to each other in these 1llustrative examples.

FI1G. 12 provides an illustration of the power semiconduc-
tor assembly 34 and the power semiconductor assembly 48
connected to the heat sink 14 using a single bumper pad. In
this example, the pins 17 are shown on the opposite side from
the pins 17 1n FIGS. 4A-4E.

As depicted, the bumper pad 30 and the bumper pad 44
have been removed and replaced with a bumper pad 50. The
bumper pad 50 pressure mounts both the semiconductor chip
package 16 and the semiconductor chip package 38 to the heat
sink 14 at the same time using substantially the same amount
ol pressure.

In alternative implementations of an illustrative embodi-
ment, additional semiconductor chip packages may be pres-
sure mounted to the heat sink 14 using the bumper pad 50.
Additionally, the 1solation foil 36 and the i1solation foil 40
may be replaced with a single 1solation sheet that 1s connected
to the inner surface of the heat sink 14.

The illustrations of the power semiconductor assembly 34
and the power semiconductor assembly 48 in FIG. 11 and
FIG. 12 are not meant to limit the manner 1n which multiple
semiconductor assemblies may be implemented in an 1llus-
trative embodiment. Additional semiconductor chip pack-
ages, 1solation foils, bumper pads, and pins may be used
depending on the particular implementation for a device 1n
accordance with an 1llustrative embodiment.

FIG. 13 A illustrates the device 10 with an alternate con-
figuration for heat sink 14. As shown 1n this view, the semi-
conductor chip package 16 does not need to be tully enclosed.
Instead, a desired amount of heat dissipation from this con-
figuration of the heat sink 14 1s achieved without an enclo-
sure. FIG. 13B 1llustrates an end view of the device 10 with
the alternate configuration for heat sink 14.

While the embodiment of FIGS. 13A and 13B could also

be semiconductor power chips, this example 1s provided to
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illustrate the fact that any type of heat producing device could
utilize concepts disclosed herein. For example, the semicon-
ductor chip package 16 could be a high speed processor that
generates heat. Of course, many other examples are also
possible.

FIG. 14 illustrates the semiconductor chip package 16 in a
standard form. The top surface 20 and the bottom surface 22
of the semiconductor chip package 16 are shown more
clearly. The opening 26 1s also visible 1n this illustration. This
configuration for the semiconductor chip package 16 may be
used with the i1solation foi1l 36 in the power semiconductor

assembly 34 shown in FIG. 3.

FIG. 15 1llustrates another configuration for the semicon-
ductor chip package 16. The top surface 20 and the bottom
surface 22 of the semiconductor chip package 16, as well as
opening 26, are shown. The size and shape of each of these
components 1s slightly different than that of the semiconduc-
tor chip package 16 as shown 1n FIG. 14. The semiconductor

chip package 16 1n this figure may also be used with 1solation
o1l 36.

FIG. 16 shows yet another configuration for the semicon-
ductor chip package 16. In this example, the semiconductor
chip package 16 1s a “full pack” without a metal plate. Thus,
the semiconductor chip package 16, as shown 1n this figure,
does not need the 1solation fo1l 36 between it and the heat sink
14.

As can be seen from FIGS. 14-16, an illustrative embodi-
ment may be used with a variety of different types of semi-
conductor chip packages, depending on the desired perfor-
mance and/or cost considerations of manufacturing. Of
course, the 1llustrations of the semiconductor chip packages
in FIGS. 14-16 does not limit the manner in which the semi-
conductor chip package 16 may be implemented. Other con-
figurations 1n addition to or in place of the ones shown 1n
FIGS. 14-16 may be used.

Thus, the present invention provides a method and appa-
ratus for assembling a power semiconductor. A semiconduc-
tor chip package 1s assembled such that the heat-generating
side of the semiconductor chip package 1s oriented in the
direction of a heat sink. Various embodiments use a novel
spacing structure to pressure mount the semiconductor chip
package to the heat sink thereby obviating the need for screws
or other fasteners to connect the semiconductor chip package
to the heat sink. In addition, various embodiments provide the
ability to solder the semiconductor chip package to a printed
circuit board at the same time as other surface mounted parts.

With the use of an illustrative embodiment, a printed circuit
board can be populated with components on the side of the
semiconductor chip package such that a proper distance 1s
maintained between the printed circuit board and the heat
sink. Further, 1n some implementations, all semiconductor
chip package on the same side of the printed circuit board can
use the same bumper bad and the same 1solation foi1l. In this
manner, the various embodiments provide a device that
increases the life of the printed circuit board. This process
also decreases the cost and time of manufacture for such
devices.

While this invention has been described with reference to
illustrative embodiments, this description 1s not intended to
be construed 1n a limiting sense. Features of the various
embodiments may be used together. Various modifications
and combinations of the illustrative embodiments, as well as
other embodiments of the invention, will be apparent to per-
sons skilled 1n the art upon reference to the description. It 1s
therefore intended that the appended claims encompass any
such modifications or embodiments.
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What 1s claimed 1s:

1. A device comprising:

a printed circuit board;

an enclosure;

a first semiconductor chip package located between the

printed circuit board and the enclosure; and
a bumper pad located between the printed circuit board and
the first semiconductor chip package, wherein the
bumper pad pressure mounts the first semiconductor
chip package between the enclosure and the printed
circuit board, wherein the semiconductor chip package
comprises a plurality of pins comprising a portion flush
with an upper surface of the bumper pad and bent
towards an upper surface of the bumper pad.
2. The device according to claim 1, wherein the first semi-
conductor chip package comprises a heat-generating surface
oriented such that the heat-generating surface i1s 1n contact
with the enclosure.
3. The device according to claim 2, wherein the heat-
generating surface comprises a metal surface.
4. The device according to claim 1, wherein the plurality of
pins 1s soldered to the printed circuit board.
5. The device according to claim 1, wherein the bumper pad
comprises silicone.
6. The device according to claim 1, wherein the printed
circuit board 1s connected to the enclosure with a fastener.
7. The device according to claim 1, further comprising an
1solation foil between the first semiconductor chip package
and the enclosure.
8. The device according to claim 1, further comprising a
second semiconductor chip package within the enclosure lat-
erally adjacent to the first semiconductor chip package.
9. The device according to claim 8, wherein the second
semiconductor chip package 1s pressure mounted between the
printed circuit board and the enclosure and is electrically
coupled to the printed circuit board.
10. The device according to claim 8, further comprising an
1solation foi1l located between the first semiconductor chip
package and the enclosure and the second semiconductor
chip package and the enclosure.
11. The device according to claim 1, wherein the bumper
pad pressure mounts the second semiconductor chip package
between the enclosure and the printed circuit board.
12. A method comprising:
providing an assembly that includes a first semiconductor
chip package with a plurality of pins and a bumper pad
overlying the first semiconductor chip package, wherein
the first semiconductor chip package 1s oriented such
that a heat producing surface of the first semiconductor
chip package faces away from the bumper pad;

bending the pins away from the heat producing surface of
the first semiconductor chip package toward an upper
surface of the bumper pad, wherein, after the bending,
the pins comprise a portion flush with an upper surface
of the bumper pad and bent towards an upper surface of
the bumper pad;

placing the assembly over a printed circuit board such that

the upper surface of the bumper pad faces the printed
circuit board; and

attaching the pins to the printed circuit board.

13. The method according to claim 12, further comprising
attaching a heat sink to the heat producing of the first semi-
conductor chip package.

14. The method according to claim 12, further comprising
attaching the printed circuit board to an enclosure so that the
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first semiconductor chip package and the bumper pad are
pressure fit between the enclosure and the printed circuit

board.

15. The method according to claim 12, wherein the pins
remain bent after placing the bumper pad over the surface of
the printed circuit board.

16. The method according to claim 12, wherein the heat
producing surface of the first semiconductor chip package
comprises a metal surface.

17. The method according to claim 12, wherein the attach-
ing comprises surface mount soldering.

18. The method according to claim 12, further comprising:

mounting a second semiconductor chip package under the

bumper pad, wherein the second semiconductor chip
package 1s oriented such that a heat producing surface of
the second semiconductor chip package faces away
from the bumper pad.

19. The method according to claim 18, wherein the first
semiconductor package and the second semiconductor pack-
age are pressure mounted between the bumper pad and the
printed circuit board.

20. A device comprising:

a printed circuit board;

an enclosure:

a first semiconductor chip package located between the

printed circuit board and the enclosure; and

a bumper pad located between the printed circuit board and

the first semiconductor chip package, wherein the
bumper pad pressure mounts the first semiconductor
chip package between the enclosure and the printed
circuit board, wherein the semiconductor chip package
comprises a plurality of pins comprising a portion flush
with an upper surface of the bumper pad and bent away
from the upper surface of the bumper pad.

21. The device according to claim 20, wherein the first
semiconductor chip package comprises a heat-generating
surface oriented such that the heat-generating surface 1s 1n
contact with the enclosure.

22. The device according to claim 21, wherein the heat-
generating surface comprises a metal surface.

23. The device according to claim 20, wherein the plurality
of pins 1s soldered to the printed circuit board.

24. 'The device according to claim 20, wherein the bumper
pad comprises silicone.

235. The device according to claim 20, wherein the printed
circuit board 1s connected to the enclosure with a fastener.

26. The device according to claim 20, further comprising,
an 1solation foil between the first semiconductor chip package
and the enclosure.

277. The device according to claim 20, further comprising a
second semiconductor chip package within the enclosure lat-
erally adjacent to the first semiconductor chip package.

28. The device according to claim 27, wherein the second
semiconductor chip package 1s pressure mounted between the
printed circuit board and the enclosure and 1s electrically
coupled to the printed circuit board.

29. The device according to claim 27, further comprising
an 1solation foil located between the first semiconductor chip
package and the enclosure and the second semiconductor
chip package and the enclosure.

30. A device comprising:

a printed circuit board;

a heat sink:

a first semiconductor chip package located between the

printed circuit board and the heat sink, wherein the heat
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sink comprises a cavity in which the printed circuit
board and the first semiconductor chip package are
mounted; and

a thermally non-conductive bumper pad located between

the printed circuit board and the first semiconductor chip
package, wherein the bumper pad pressure mounts the
first semiconductor chip package between the heat sink
and the printed circuit board.

31. The device according to claim 30, wherein the first
semiconductor chip package comprises a heat-generating
surface oriented such that the heat-generating surface 1s 1n
contact with the heat sink.

32. The device according to claim 31, wherein the heat-
generating surface comprises a metal surface.

33. The device according to claim 30, wherein the first
semiconductor chip package comprises a plurality of pins
soldered to the printed circuit board.

34. The device according to claim 30, wherein the bumper
pad comprises silicone.

35. The device according to claim 30, wherein the printed
circuit board 1s connected to the heat sink with a fastener.
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36. The device according to claim 30, further comprising
an 1solation foil between the first semiconductor chip package

and the heat sink.

37. The device according to claim 30, further comprising a
second semiconductor chip package within the heat sink lat-
erally adjacent to the first semiconductor chip package.

38. The device according to claim 37, wherein the second
semiconductor chip package 1s pressure mounted between the
printed circuit board and the heat sink and 1s electrically
coupled to the printed circuit board.

39. The device according to claim 37, further comprising,
an 1solation foil located between the first semiconductor chip
package and the heat sink and the second semiconductor chip
package and the heat sink.

40. The device according to claim 30, wherein the semi-
conductor chip package comprises a plurality of pins com-
prising a portion flush with an upper surface of the bumper
pad.
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